
Revista Brasil. Bot., V.31, n.1, p.95-103, jan.-mar. 2008

Fructan production in Vernonia herbacea (Vell.) Rusby is related to
adequate nitrogen supply and period of cultivation
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ABSTRACT – (Fructan production in Vernonia herbacea (Vell.) Rusby is related to adequate nitrogen supply and period of
cultivation). Previous studies showed that plants of Vernonia herbacea grown for one year under a limited nitrogen supply
presented reduced growth and higher fructan content than plants treated with sufficient nitrogen supply. However, the total
fructan production was similar in both plant groups due to the higher biomass of the underground reserve organ in nitrogen-
sufficient (N-sufficient) plants. In the present study we aimed to evaluate if a stress growing condition under nitrogen-
limited (N-limited) supply, following cultivation under N-sufficient supply would have a positive effect on fructan production.
Plants cultivated during one year under N-sufficient supply (10.7 mmol L-1 N-NO3

-) were separated in two groups. During
the following six months, one group continued to receive the same treatment (control) while the other received an N-limited
supply (1.3 mmol L-1 N-NO3

-). Growth, photosynthesis and soluble carbohydrates were measured at days 0, 30, 60, 90 and
180. At day 30, plants transferred to N-limited supply showed a significant increase in growth and a decrease in fructan
concentration, as a response to the stressing condition. However, in the following period growth was reduced and fructan
concentration was increased, confirming the inverse relationship between nitrogen concentration and fructan content. After
180 days, although the fructan concentration in N-limited was significantly higher, with a fructan production of 6.0 g plant-1,
the higher gain in rhizophore biomass after 18 months of cultivation in N-sufficient solution led to a fructan production of
8.3 g plant-1, thus surpassing the higher fructan concentration of N-limited plants.
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RESUMO – (A produção de frutanos em Vernonia herbacea (Vell.) Rusby está relacionada com o suprimento adequado de
nitrogênio e o tempo de cultivo). Estudos realizados anteriormente mostraram que plantas de Vernonia herbacea cultivadas
durante um ano sob uma condição limitante de nitrogênio tiveram seu crescimento reduzido e apresentaram maiores teores de
frutanos em comparação a plantas que receberam suprimento adequado de nitrogênio. Entretanto, a produção total de frutanos
foi similar nos dois grupos de plantas devido à maior biomassa dos órgãos subterrâneos de reserva das plantas N-suficientes.
O objetivo do presente estudo foi avaliar se o cultivo sob uma condição adequada de nitrogênio, que promove o crescimento
das plantas, seguido de uma condição estressante de crescimento imposta por suprimento limitante de nitrogênio, promoveria
a produção de frutanos. As plantas receberam durante um ano solução N-suficiente (10,7 mmol L-1 N-NO3

-). Nos seis meses
subseqüentes, metade das plantas passou a receber solução N-limitante (1,3 mmol L-1 N-NO3

-), permanecendo as demais no
tratamento N-suficiente. O crescimento, a fotossíntese e os carboidratos solúveis foram analisados no dia da transferência
(dia 0) e aos 30, 60, 90 e 180 dias. Aos 30 dias as plantas transferidas para N-limitado mostraram aumento significativo do
crescimento e diminuição da concentração de frutanos, em resposta à condição nutricional estressante. No entanto, no
período seguinte (60 dias) o crescimento foi reduzido e a concentração de frutanos aumentou em relação às plantas mantidas
em N-suficiente, confirmando a relação inversa entre suprimento de nitrogênio e conteúdo de frutanos. Após 180 dias,
embora a concentração de frutanos em N-limitado tenha sido significativamente mais elevada, com uma produção de frutanos
de 6,0 g planta-1, o maior ganho de biomassa de rizóforos observado nas plantas mantidas sob N-suficiente durante 18
meses, levou a uma produção de frutanos de 8,3 g planta-1, compensando assim a menor concentração de frutanos observada
nessas plantas.
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Introduction

A biological stress is defined as any change in
environmental condition that might reduce or adversely

change a plant growth or development (Levitt 1980). Any
change in the environment that results in plant response
that is less than the optimum might be considered stressful
(Salisbury & Ross 1991). In plants, water and nutritional
deficiency, high salinity and extreme temperatures are
some of the most studied stress factors (Lambers et al.
1998).

Nutritional deficit, especially nitrogen, triggers a
number of responses, that are expressed by changes in
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the shoot:root ratio and in the metabolism of leaves and
reserve organs. The reduction of cell division and cell
expansion, leaf production and photosynthesis are
evident effects in response to nitrogen deficiency (Chapin
et al. 1988). In some species of Asteraceae and Poaceae,
for example, nitrogen restriction increased the contents
of fructan-type carbohydrates (Wang & Tilberg 1996,
Améziane et al. 1997, Van den Ende et al. 1999).

Plants use different mechanisms in order to
compensate for the negative effects of stress. These
mechanisms operate in different time scales, depending
on the type of stress and on the affected physiological
process (Lambers et al. 1998). When a stress factor is
first experienced, an alarm reaction occurs, in which
the function of interest deviates markedly from the norm.
Then comes the resistance stage or restitution phase, in
which the organism adapts to the stress factor and the
function often returns towards its normal state, not
always completely achieved. If the stress factor increases
or continues for a long time, the stage of exhaustion
may be reached, in which the function may again strongly
deviates from the average, leading eventually to death
(Larcher 2003).

These stages are well documented for crops but
information about the adaptive strategies of plants native
to the cerrado in relation to nutritional deficiency is
scarce (Haridasan et al. 1997). It is suggested that the
low availability of nutrients in the cerrado soil affects
carbon partitioning and leads to specific morphological
characteristics such as scleromorphism. Paulilo &
Felippe (1995) and Sassaki & Felippe (1998) alleged
that the cerrado vegetation accumulates more carbohydrates
than proteins due to the low nutrient availability in the
soil.

The nutrient availability in the cerrado is even lower
during winter, when precipitation and temperature
decrease. This factor contributes to the low growth rates,
the biomass allocation to underground organs (Felippe
& Dale 1990, Isejima & Figueiredo-Ribeiro 1991,
Carvalho et al. 1997), and the low photosynthetic
capacity (Prado & Moraes 1996). Another common
feature in the cerrado is the occurrence of underground
reserve organs in herbaceous species of Asteraceae
presenting fructans, as reported by Figueiredo-Ribeiro
et al. (1992) and Tertuliano & Figueiredo-Ribeiro
(1993).Vernonia herbacea (Vell.) Rusby is one of these
species that accumulates fructans of the inulin type in
the underground reserve organs, the rhizophores
(Carvalho & Dietrich 1993). This species has been
considered a potential source for inulin production,
although it lacks a history as a crop. Thus, studies focusing

on mineral nutrition are being conducted in order to
increase inulin production by these plants.

Previous results with V. herbacea showed that the
ideal nitrogen concentration for plant growth is
10.7 mmol L-1 N-NO3

- and that 1.3 mmol L-1 N-NO3
-

provides a limiting growth condition (Cuzzuol et al.
2005a). Therefore, the use of this N-limited concentration
satisfies the criteria established for the study of a specific
stress factor. A later study by Cuzzuol et al. (2005b)
reported that plants growing during one year under
N-limited supply presented higher fructan contents in
spite of a final reduced growth and lower rhizophore
biomass, when compared to N-sufficient plants.
Nevertheless, fructan production was very similar in both
N-treatments at the end of the experimental period, due
to the lower rhizophore biomass in the N-limited plants.
In the present study, we aimed to verify if plants
cultivated for one year under an ideal nitrogen supply
for plant growth would attain a further higher fructan
production after transference to a limiting nitrogen
growth condition.

Material and methods

Plant material, growing conditions and sampling – Plants
of Vernonia herbacea (Vell.) Rusby (Herbarium number:
SP169567) were obtained and cultivated as described by
Cuzzuol et al. (2005b). Plants received, weekly, 100 mL of
a specific nutrient solution containing 10.7 mmol L-1 N-NO3

- ,
elaborated to supply adequate nitrogen required by V.
herbacea as previously determined by Cuzzuol et al.
(2005a). After twelve months of growth, half of the plants
continued to receive the same solution (control plants) while
the other half received an N-limited nutrient solution
(1.3 mmol L-1 N-NO3

-), according to Cuzzuol et al. (2005a).
Otherwise plants were regularly irrigated with distilled
water. The plants were maintained in a glasshouse under
natural photoperiod and temperature (mean minimum and
maximum temperatures of 18 °C and 29 °C). The differential
nutritional treatments were applied from December 2001 to
June 2002, a period that includes the vegetative and early
dormancy in V. herbacea (Carvalho & Dietrich 1993). The
experiment was conducted at the Instituto de Botânica
(23°38’25” S, 46°37’19” W), São Paulo, Brazil. Six plants
(each plant representing one replicate) were collected from
each treatment at days 0, 30, 60, 90 and 180, counting from
the beginning of the N-limited treatment, for growth
evaluation, photosynthesis and carbohydrate analyses.
Growth analysis – Growth measurements included plant
height, shoot number, dry masses of the aerial and
underground organs, leaf number and leaf area. The dry
mass was determined after drying the tissues at 60 °C, to
constant weight. Leaf area was calculated using the Leaf



Revista Brasil. Bot., V.31, n.1, p.95-103, jan.-mar. 2008 97

Area & Analysis software (Skye Instruments Ltd.). Specific
leaf mass (SLM) was calculated by the ratio of leaf mass
and leaf area. The relative growth rate (RGR) was calculated
according to Hunt (1978).
Photosynthesis – Photosynthesis, conductance, transpiration
and internal CO2 concentration were measured in the first
completely expanded leaf of each plant between 9h and 11h,
corresponding to maximum photosynthetic activity in this
species, according to preliminary evaluation. The analyses
were accomplished in a closed system, with a portable
infrared gas analyzer (IRGA), LI-6400 model (LI-COR,
Inc.) equipped with a light chamber (LI-6400-02B), at
500 µmol m-2 s-1 radiation, leaf temperature of 25 °C and
at natural CO2 concentration of the glasshouse.
Extraction and analyses of soluble carbohydrates – Samples
of fresh rhizophores (2 g) and leaves (1 g) were submitted
to oligo- and polysaccharide extraction as described by
Carvalho et al. (1998). For standardization purposes,
samples were taken from the medium portion of the
rhizophores and from apical leaves completely expanded.
Free and combined fructose ware measured in the rhizophore
crude extracts by a ketose-specific modification of the
anthrone reaction (Jermyn 1956). Crude extracts from
rhizophores and leaves were submitted to ethanol precipitation;
fructo-oligosaccharide and fructo-polysaccharide fractions
were separated by centrifugation (Asega & Carvalho 2004).
For the quantification of glucose, fructose and sucrose,
samples from the fructo-oligosaccharide fraction were
de-ionized (Carvalho & Dietrich 1993) and analyzed by high
performance anion exchange chromatography with a pulse
amperometric detector (HPAEC/PAD) using external
standards on a 4 x 250 mm CarboPac PA-1 column in a
Dionex System Mod. DX-300. The gradient was established
by mixing eluant A (150 mM NaOH) and eluant B
(500 mM sodium acetate in 150 mM NaOH) as follows:
0-2 min, 25 mM; 2-8 min, 25-150 mM; 8-28 min,
150-500 mM; 28-30 min, 25 mM with a flow rate of
1.0 mL min-1. The applied potentials for E1(480 ms),
E2 (120 ms) and E3 (60 ms) were +0.05, +0.60 and
-0.60 V, respectively.
Statistical analysis – Data were analyzed by one way
ANOVA and the means were compared by Tukey (P < 0.05
and P < 0.01).

Results

In both treatments with NO3
- , the plants grew in

height until day 90, coinciding with the end of the summer
(March). From day 90 on, growth was arrested and
plants started to senesce; on day 180, at the stage of
early dormancy, they presented no shoots (figure 1). The
nitrogen deficient plants presented a slight increase
in shoot number soon after the start of the treatment
(figure 1), as well as in leaf number and in total leaf

Figure 1. (A) Plant height (cm) and (B) shoot number of plants
of V. herbacea transferred from a N-sufficient ( , control)
to a N-limited ( ) solution. * P < 0.05 (n = 6).

area (figure 2). However, subsequent evaluations showed
that N-limited plants presented a decrease in all these
measurements and maintained values below those of the
control plants until day 180. The specific leaf mass
(figure 2) of approximately 90 mg.cm-2 was maintained
during the growth period, with no significant differences
between the two nutritional conditions. The variation
observed on growth measurements reflected on the dry
mass of the aerial organs (figure 3), which showed a
higher increment at day 30 and a subsequent decline,
with values significantly lower than the control on days
60 and 90. As for the rizophores, no increment in dry
mass was observed throughout the experimental period
in plants transferred to the restricted nitrogen treatment
(figure 3) whereas control plants presented significant
dry mass increases from day 60 to day 180, reaching
values twice as high as those found in the N-limited
plants.

Photosynthesis rate, conductance, transpiration and
internal CO2 concentration decreased on day 30 but an
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between photosynthesis and transpiration (r2 = 0.843*)
were found.

The total fructose concentration in the rhizophores
of N-limited plants decreased 30% in the first 30 days
after transferring to N-limited solution (figure 5), increased
after day 60 and reached values significantly higher at
day 180 (end of autumn) corresponding to about 80%
of the rhizophore dry mass. In control plants, fructose
concentration corresponded to about 60% of the dry mass
throughout the experimental period with a slight increase
on day 180. However, in terms of fructan production,
control plants presented significant higher yields throughout
the experimental period (figure 5), reaching 8.3 g plant-1,
while plants transferred to N-limited condition reached
only 6.0 g plant-1, consistent with the lower rhizophore
dry mass presented by these plants (figure 3).

Figure 2. (A) Leaf number, (B) total leaf area (cm2) and (C)
specific leaf mass (mg cm-2) of plants of V. herbacea transferred
from a N-sufficient ( , control) to a N-limited ( ) solution.
* P < 0.05 (n = 6).

increase was observed in the following 30 days in both
treatments. Significantly higher values were found in
the control plants at this sampling day, except for the
internal CO2 concentration which presented consistent
lower values in the control plants. After 60 days, a
reduction in photosynthesis and in the related parameters
was detected (figure 4). Positive correlations between
photosynthesis and conductance (r2 = 0.657*) and

Figure 3. (A) Shoot dry mass (g) and (B) rhizophore dry
mass (g) of plants of V. herbacea transferred from a
N-sufficient ( , control) to a N-limited ( ) solution. * P < 0.05,
** P < 0.01 (n = 6).
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presented an increase at day 30, followed by a decrease
in the subsequent days of observation (figure 6).

In the rhizophores at day 30, an increase in the
concentration of glucose and fructose was also observed
in plants of both treatments (figure 6). The concentration
of glucose, fructose and sucrose was increased in plants
treated with the N-limited solution. In these plants
glucose was higher between days 90 and 180, fructose
was markedly higher at day 30 and sucrose was higher
throughout the experimental period. However, plants of
both treatments showed a similar pattern of sucrose
concentration, with a gradual decrease until day 90.

Discussion

The increase in the biomass of aerial organs in the
first 30 days of treatment in plants transferred to limited

Figure 4. (A) Net photosynthesis (µmol CO2 m-2 s-1), (B)
CO2 conductance (µmol CO2 m-2 s-1), (C) transpiration (µmol
H2O m-2 s-1) and (D) intercellular CO2 (mmol CO2 m-2 s-1) in
plants of V. herbacea transferred from a N-sufficient ( , control)
to a N-limited ( ) solution. * P < 0.05 (n = 6).

Figure 5. (A) Total fructose (mg g-1 DM) and (B) fructan
production (g plant-1) of plants of V. herbacea transferred
from a N-sufficient ( , control) to a N-limited ( ) solution.
* P < 0.05, ** P < 0.01 (n = 6).

Glucose, fructose and sucrose concentration in
leaves was generally lower than in rhizophores and no
differences were found for the two treatments. In both
nutritional conditions, these soluble carbohydrates
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nitrogen supply was due mainly to the formation of new
leaves (figures 1, 2 and 3). In the same period these
plants presented also higher RGR values (11.8 mg g-1 d-1

in N-limited and 2.3 mg g-1 d-1 in N-sufficient plants).

Anticipation of growth is a common feature of plants
under nutritional deficiency (Lichtenthaler 1996,
Lambers et al. 1998, Larcher 2003). This response is
expected, since nutritional stress leads first to an alarm
stage when growth is adjusted as a strategy to guarantee
plant survival and to compensate for possible damages
caused by the stressing factor. Early flowering can also
occur under stress conditions such as water deficit and
nutritional deficiency (Marschner 1995, Larcher 2003),
although flowering was not observed in plants of V.
herbacea during the experimental period. However, it
should be pointed out that vegetative reproduction
through rhizophores predominates in this species as
sexual reproduction is hampered by a low germinability
of the achenes (Carvalho et al. 1997, Sassaki et al.
1999).

A long term study on growth of V. herbacea under
both sufficient and limited nitrogen supply (Cuzzuol et
al. 2005b) showed that these plants present a low RGR
potential, similar to plants native to poor soils (Lambers
& Poorter 1992, Paulilo & Felippe 1995, Sassaki &
Felippe 1998). According to their response to nutrient
levels, the authors characterized V. herbacea as a Type
I species, following the classification of Chapin (1980,
1988) for wild species. Chapin (1988) also reported that
slow growth species under high fertility accumulate
nutrients in the vacuoles, to be used when the nutritional
conditions are limited (luxury consumption). If this was
the case in V. herbacea, a reduction in the specific leaf
mass in plants submitted to nitrogen deficiency should
have been detected. However, SLM of both N-limited
and control plants were very similar, suggesting that
nitrogen had a small contribution for the leaf cell mass.

In plants submitted to N-limitation the fast growth
of the aerial organs detected at day 30, probably during
the resistance stage, occurred concomitant to a 13%
decrease in rhizophore biomass and a 33% decrease in
fructan concentration (figure 5).

Carbohydrate mobilization to attend aerial growth
is well described in the literature (e.g. Chapin et al.
1990). In V. herbacea, fructan mobilization in the
sprouting and flowering phases (Carvalho & Dietrich
1993) is concurrent with an increase in the activity of
fructan exohydrolases (FEH) (Asega & Carvalho 2004).

Although the activity of FEH was not determined
in the present study, the marked increase in free fructose
observed in N-limited plants at day 30 (the resistance
stage) resulted possibly from fructan mobilization by
this enzyme, since it coincided with a decrease in fructan
contents (figures 5, 6). The energy rich compounds
yielded were used to supply the more intense aerial

Figure 6. Contents of (A) glucose (mg g-1 DM), (B) fructose
(mg g-1 DM) and (C) sucrose (mg g-1 DM) in rhizophores ( )
and leaves ( ) of plants of V. herbacea transferred from a
N-sufficient (closed symbols, control) to a N-limited (open
symbols) solution. Bars represent standard error (n = 3).
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growth in this period verified in N-limited plants (figures
1-3).

The high levels of glucose observed between 90 and
180 days in N-limited plants correlates with the increase
in fructan concentration detected during this period, as
it is released from sucrose by the action of sucrose:
sucrose fructosyltransferase (SST) during fructan
synthesis. These variations were also detected in control
plants, although less markedly, a result consistent with
the lower fructan concentration usually detected when
aerial growth is favored as shown by Cuzzuol et al.
(2003).

It is reported that when sucrose concentration is in
excess, fructan synthesis in reserve organs is enhanced
(Pollock & Cairns 1991). This seems to be the case in
N-limited plants at day 180, when a high sucrose
concentration in the rhizophores, in addition to the higher
glucose levels (figure 6), coincided with the higher
fructan concentration (figure 5) in these plants.

The high values of fructan contents observed in
N-limited plants (figure 4) are consistent with other studies
that showed an inverse relationship between fructan
content and nitrogen concentration (Améziane et al.
1997, Wang & Tilberg 1996, McGrath et al. 1997, Van
den Ende et al. 1999). However, the fructan yield after
180 days was lower in plants transferred to N-limited
solution due to their lower rhizophore biomass (figure
3), as previously reported for plants of V. herbacea
cultivated exclusively under N-sufficient or N-limited
conditions during one year (Cuzzuol et al. 2005b).

More than 75% of the leaf nitrogen is located in the
chloroplasts (Evans 1989), as part of enzymes, pigments
and other compounds involved in photosynthesis (Warren
et al. 2000, Broadley et al. 2001). The stress caused by
the lower nitrogen supply can explain the lower
photosynthetic efficiency verified in N-limited plants,
mainly at day 60 (figure 4).

Although the relationship between photosynthetic
capacity and leaf nitrogen concentration is thoroughly
documented (Evans 1989, Evans & Seemann 1989, Alt
et al. 2000), a correlation between photosynthesis and
leaf protein concentration (data not shown) in V.
herbacea was not observed (r2 = 0.005). According to
Chapin et al. (1988) and Broadley et al. (2001), the
negative effect of nitrogen restriction on photosynthesis
is more related to stomatal resistance than to the kinetics
of the enzymes involved in carbon fixation. However,
the higher internal CO2 concentration found in V.
herbacea under N-limited treatment (figure 4) suggests
a low carboxylation activity (Larcher 2003, Broadley
et al. 2001).

A hypothesis on the role of nitrogen on photosynthesis
was presented by Chapin et al. (1988). According to
these authors, nitrogen restriction promotes an increase
in the content of abscisic acid (ABA), causing stomatal
closure and a reduction in photosynthesis. ABA also
promotes protein hydrolysis (Chapin et al. 1990) thus
affecting the mobilization of organic nitrogen. The lowest
values of photosynthetic measurements in plants of V.
herbacea under nitrogen limitation could be a result of
a low stomatal conductance and protein contents,
affecting Rubisco activity and electron transport (Evans
1983).

The transference of plants to an N-limited condition
after one year growing under N-sufficient solution led
initially to a decrease in fructan concentration and a
concomitant increase in aerial growth, in accordance to
the growth responses expected during the resistance
phase in plants under stress conditions. So, the results
obtained so far allow us to conclude that the responses
of V. herbacea to low nitrogen supply can be regarded
as an adaptive strategy to a stressing environment. After
this resistance phase and up to the final observation,
limiting nitrogen supply, a condition that caused growth
reduction, increased total fructan concentration.
Nevertheless, the gain in rhizophore biomass at the
end of 18 months of cultivation under an adequate
nitrogen supply was higher (8.3 g plant-1), and
compensated for the lower fructan concentration,
surpassing the final yield obtained in N-limited plants
(6.0 g plant-1).
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